The methanol extract of Sophora flavescens showed a potent glycosidase inhibitory activity. Active components were identified as well-known flavonoid antioxidants: kushenol A (1), (؊)-kurarinone (2), sophoraflavanone G (3), 2-methoxykurarinone (4), kurarinol (5), 8-prenylkaempferol (6), isoxanthohumol (7), kuraridin (8) and maackian (9). All flavonoids were effective inhibitors of a a -glucosidase and b b -amylase. Interestingly, lavandulylated flavanones 1-5 had strong a a -glucosidase inhibitory activities, with IC 50 values of 45 m mM, 68 m mM, 37 m mM, 155 m mM and 179 m mM, respectively. Kushenol A (1) which does not bear a 4-hydroxy group showed selective a a -glucosidase inhibitory activity. Lavandulylated chalcone, kuraridine (8), exhibited IC 50 value of 57 m mM against b b -glucosidase, which is the first report of a chalcone displaying glycosidase inhibition. Results showed that 8-lavandulyl group in B-ring was a key factor of the glycosidase inhibitory activities. The inhibition pattern was noncompetitive for a a -glucosidase, whereas mixed inhibition was observed for b b -amylase.
During the last decades an impressive number of flavonoids have been reported because they are not only widely distributed throughout the plant kingdom but, as antioxidants, they also show medicinal properties. [1] [2] [3] [4] [5] [6] In recent years, flavonoids have been the focus of target compounds for glycosidase inhibitor. For instance, genistein, 7) anthocyanins 8) and luteolin 9) showed potent inhibitory activities for glycosidases.
Glycosidase inhibitors are potential agents for diabetes type 2, [10] [11] [12] [13] [14] viral infection, [13] [14] [15] and cancer [16] [17] [18] because glycosidases are involved in several important biological processes, such as digestion, the biosynthesis of glycoproteins and lysosomal catabolism of glycoconjuates. 19) Such inhibitors are also being used to study the mechanism of action, topography of the active site, and purification of glycosidases.
Despite the many studies on glycosidase inhibitors, the majority of those developed are derived from glucose such as aza and aminosugars. Both of these are of low abundance in natural sources, [20] [21] [22] [23] and can be obtained in many steps from carbohydrate or noncarbohydrate precursor. Recently, we discovered that some flavonoids isolated from Sophora flavescens showed potent glycosidase inhibitory activities. Many researchers have examined the secondary metabolites of this species thoroughly since sophocarpine was isolated first in 1934. This is because it is a rich source of flavonoids with wide range of biological activities such as anticancer, 24) anti-inflammatory 25) and tyrosinase inhibitory properties. 26) However, to the best of our knowledge, their application concerning with glycosidase inhibitor has never been reported. Especially, some isolated glycosidase inhibitors could be obtained a gram scale from Sophora flavescens.
MATERIALS AND METHODS
General All purifications were monitored by TLC using commercially available glass-backed plates. Column chromatography was carried out using 230-400 mesh silica gel.
Melting points were measured on a Thomas Scientific Capillary Point Apparatus and are uncorrected. Infrared spectra were recorded on a Bruker IFS 66. Proton and carbon nuclear magnetic resonance spectra were measured downfield relative to tetramethylsilane in CDCl 3 , MeOD and DMSO-d 6 unless otherwise noted (values in ppm). C-NMR experiments were conducted on a Brucker DRX-500. Elemental analyses were performed on Leco CHNS-932. CD spectra were recorded on a JASCO J-715 spectropolarimeter. Absorption measurements were recorded using an ADAP-2020 spectrophotometer.
Plant Material Sophora flavescens was collected in Hamyang (Republic of Korea) and identified by Prof. Myon Gi Chung. A voucher specimen (Park, K. H. 112) of this raw material is deposited at Herbarium of Gyeongsang National University (GNUC).
Extraction and Isolation Dried roots of Sophora flavescens (1 kg) were repeatedly extracted with methanol at room temperature. The methanolic extract of the root of Sophora flavescens showed high inhibitory activity. After filtration, the filtrates were concentrated to give a dark brown residue, which was partitioned between water and chloroform. The organic layer was concentrated to give a brown residue (27 g ). The purification of the fraction using repeated column chromatographies on silica gel yielded 410 mg of compound 1, 270 mg of compound 2, 230 mg of compound 3, 170 mg of compound 4, 890 mg of compound 5, 13 mg of compound 6, 210 mg of compound 7, 97 mg of compound 8 and 47 mg of compound 9.
Enzyme Assay a-Glucosidase (EC 3. was used with some modifications. The glycosidase (except for invertase, a-amylase and b -amylase) activities were determined using an appropriate p-nitrophenyl glycoside as a substrate at the optimum pH of each enzyme. The reaction was stopped by adding 2 M NaOH. The released p-nitrophenol was measured spectrometrically at 405 nm. The inhibitory effects of the tested compounds were expressed as the concentration that inhibits 50% of the enzyme activity (IC 50 ). Kinetic parameters were determined by the Lineweaver-Burk double-reciprocal-plot method at increasing concentrations of substrate and inhibitors.
(b) Reducing Sugar Methods: The inhibitory effect of the compounds on invertase, a-amylase and b -amylase activities were assessed by the usual method. 21) Briefly, 1% starch solution in phosphate buffer was used as a substrate. The starch solution was preincubated for 10 min at 37°C. The test samples in 50% DMSO, and enzyme solution were added into each assay. The reaction was carried out at 37°C for 20 min and stopped by adding DNS reagent (containing 1% dinitrosalicylic acid and 12% potassium sodium tartrate) in 0.4 M NaOH and boiled for 10 min. The absorbance of the supernatant at 540 nm was measured.
RESULTS AND DISCUSSION
In continuous search for flavonoid-derived glycosidase inhibitors, methanol extract of Sophora flavescens showed glycosidase inhibitory activity, and nine flavonoids were isolated. The structure identification of nine isolated flavonoids were performed with 2D-NMR and other spectroscopic analyses, and spectroscopic data was compared with previous works. 24, [27] [28] [29] Finally, the compounds 1-9 were identified as kushenol A (1), (Ϫ)-kurarinone (2), sophoraflavanone G (3), 2Ј-methoxykurarinone (4), kurarinol (5), 8-prenylkaempferol (6), isoxanthohumol (7), kuraridin (8) and maackian (9) . The spectroscopic data of all isolated flavonoids were described as follows.
Kushenol A ( The nine isolated compounds were tested for glycosidase inhibitory activity against a-glucosidase, b-galactosidase, aamylase, b-amylase and invertase. Most compounds showed strong inhibitory activity against a-glucosidase and b-amylase at 1 mM concentration. In the case of b-galactosidase, aamylase and invertase at the same concentration they were inactive ( Table 1) .
The IC 50 values of isolated flavonoids toward a-glucosidase and b-amylase are shown in Table 2 . Most flavanones (1-5) having 8-lavandulyl group in B-ring potently inhibited a-glucosidase with IC 50 value of range 30-200 mM. All lavandulylated flavanones (2-5) except for compound 1 also inhibited b-amylase, with IC 50 values of 85 mM, 55 mM, 45 mM and 156 mM, respectively. Kushenol A (1) which does not bear a 4Ј-hydroxy group was a good inhibitor (IC 50 ϭ45 mM) of a-glucosidase but had a very weak inhibitory activity against b-amylase. The comparison of 1 with other flavonoids indicates that a 4Ј-hydroxy group in C-ring has a significant effect upon the inhibition of b-amylase. Most lavandulylated flavanones (1) (2) (3) (4) (5) showed much stronger inhibitory activities against both glycosidases in comparison to prenylated ones (6, 7). Moreover, lavandulylated chalcone, kuraridine (8) , exhibited IC 50 value of 57 mM against a-glucosidase, which is the first report of a chalcone displaying glycosidase inhibition properties. Thus, 8-lavandulyl group in flavanone skeleton plays a significant role on glycosidase inhibitory activity.
Maackiain (9) belonging to pterocapan, also exhibited moderate activity against a-glucosidase (IC 50 ϭ185 mM). This species has an advantage over the potent glycosidase inhibitor 5, namely that it is obtainable on a gram scale easily from Sophora flavescens. The enzyme inhibition properties of these derivatives were modeled using double reciprocal plot (Lineweaver-Burk plot). The results showed that V max value decreased without change in K m value in the presence of inhibitors. Therefore, Ϫ1/K m , the x-intercept stayed the same, and 1/V max got more positive. Therefore, lavandulylated flavonoids exhibit noncompetitive inhibition model for a-glucosidase, but compounds 3 and 4 displayed different inhibition properties for b -amylase. The results lead to a series of lines, which intersect to the left of the vertical axis and above the horizontal axis, with a decrease in V max and, conversely, an increase in K m , indicating that all inhibitors tested were mixed-type inhibitors.
In conclusion, seven flavonoids from Sophora flavescens potently inhibited a-glucosidase and b -amylase. The 8-Lavandulyl group in the flavanone skeleton plays a crucial role in glycosidase inhibitory activities. Additionally, lavandulyl chalcone is a promising skeleton as a new a-glucosidase inhibitor. 
